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Although the analgesic efficacy of opioids has been
established in numerous animal and clinical studies,
their precise mechanism and sites of action have not
been determined. It is well recognized that opioids pro-
duce analgesia through activation of receptors located
in the central nervous system (CNS) at both spinal and
supraspinal levels.1,2 However, recent studies suggest

that opioids may also activate targets in inflamed tis-
sue, resulting in a peripherally mediated suppression
of sensitized nociceptors. 

Behavioral studies conducted in rodents indicate that
opioids act peripherally to block the hyperalgesia that
accompanies prostaglandin E2 injection3-5 and
bradykinin injection6 and the abdominal writhing7,8

and tissue inflammation caused by injection of car-
rageenan4,9-11 or complete Freund’s adjuvant.12-14 Col-
lectively, these results indicate the following: (1) that
peripheral opioid analgesia can be demonstrated when
opioids are injected into hyperalgesic tissue, (2) that
peripheral opioid analgesia is not evident when opioids
are injected into “normal” tissue, and (3) that periph-
eral opioid analgesia fulfills pharmacologic criteria for
a receptor-mediated mechanism. These latter criteria
include a dose-response relationship, reversal by a
receptor antagonist, and stereospecificity. Several
recently published reviews have summarized studies
fulfilling these criteria.15-17

Analgesic effects of peripherally
administered opioids in clinical models 
of acute and chronic inflammation

A series of double-blind, placebo-controlled clinical trials demonstrated that low doses of morphine (0.4,
1.2, and 3.6 mg) administered into the intraligamentary space of a chronically inflamed hyperalgesic tooth
produced a dose-related naloxone-reversible analgesia. This analgesic effect is mediated by a local mecha-
nism in the inflamed tissue, because subcutaneous administration of a 1.2 mg dose of morphine failed to
elicit an analgesic response. In contrast, submucosal administration of 1.2 mg morphine or 50 µg fentanyl
to the site of extraction of an impacted third molar after the onset of acute pain failed to elicit an anal-
gesic response despite demonstration of a sensitive bioassay. These data indicate that peripheral opioid
analgesia can be evoked in a model of chronic, but not acute, inflammatory pain, suggesting a temporal
dependent mechanism needed for the expression of peripheral opiate analgesia during inflammation in
humans. (Clin Pharmacol Ther 2001;70:66-73.)
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Comparatively few clinical studies have used these
same pharmacologic criteria to assess the presence of
peripheral opioid analgesia in humans. This series of
double-blind, placebo-controlled clinical trials evalu-
ated (1) dose-related analgesia after intraligamentary
injection of morphine sulfate in patients with pain
caused by a chronic dental inflammatory lesion, (2)
naloxone reversal of opiate analgesia in this condition,
and (3) peripheral opiate analgesia in a model of acute
inflammation, the removal of impacted third molars.
The endodontic pain model is distinguished from the
postsurgical clinical pain model by the chronicity of
the inflammation (often greater than 6 months) and
its etiologic basis of microbial and immunologic
components.18-20 The results of these multiple paral-
lel clinical studies suggest that peripherally adminis-
tered opioids are effective only in chronic inflamma-
tion with characteristics supportive of a peripheral
site of action.

METHODS
This investigation consisted of 4 double-blind, ran-

domized, placebo-controlled clinical trials conducted
at two sites in patients experiencing intraoral pain to
evaluate the following hypotheses: (1) Does local
administration of opioids produce a peripherally medi-
ated analgesia? (2) Is this analgesia caused by elective
activation of opioid receptors? (3) Can these peripheral
effects be demonstrated in both acute and chronic
inflammation? These hypotheses were tested in two
patient populations: The first two studies were per-
formed in patients experiencing dental pain as an acute
exacerbation of chronic periradicular periodontitis
requiring local anesthetic administration before an
endodontic procedure, removal of the dental pulp (see
Table I). This is a relatively uncommon event requiring
a large dental clinic population to accrue a few subjects
per month who fit the study criteria. The second series
of two studies, also summarized in Table I, was con-
ducted in subjects experiencing acute pain onset 2 to 4
hours after the surgical removal of impacted third
molars, a well-characterized model of acute pain and
inflammation.21,22 Studies at both sites were controlled
with both a placebo and a positive control, either local
anesthetic administration (studies 1 and 2) or systemic
administration of an opioid (studies 3 and 4). Assay
sensitivity was confirmed for all 4 studies by the
demonstration of a significant difference between the
placebo group and the positive control.

Study 1 was a dose-response study in which patients
were injected with equal volumes of either saline solu-
tion placebo, local anesthetic (2% mepivacaine with

1:20,000 levonordefrin), or morphine sulfate (0.4, 1.2,
or 3.6 mg) via a 30-gauge needle inserted into the
intraligamentary space of the inflamed tooth (ie, the
space between the root of the tooth and the surround-
ing alveolar bone). Study 2 was a double-dummy
design evaluating the specificity and site of action of
peripheral morphine analgesia. Patients received both
an intraligamentary injection and a subcutaneous injec-
tion in the forearm to evaluate whether the drug effect
observed after local intraligamentary injection could be
reproduced by systemic subcutaneous injection. Treat-
ment groups (Table I) were administered either
intraligamentary morphine, subcutaneous morphine,
intraligamentary morphine and naloxone, intraligamen-
tary local anesthetic, or saline solution placebo. Patients
in studies 1 and 2 were selected from patients with pain
who came to the University of Minnesota Dental
School Clinic. Subjects were informed of the possible
risks of endodontic therapy and the investigational
treatments, and they signed a consent form approved
by the university’s institutional review board. The inclu-
sion criteria for the study were (1) elective root canal
therapy for pain originating from a nonvital tooth, (2)
an American Society of Anesthesiologists class I or II
physical status, (3) literacy at the 8th grade level, and
(4) provision of signed informed consent form. Patients
were excluded if they were included in any of the fol-
lowing categories: (1) younger than 18 or older than 65
years, (2) analgesic ingestion within the last 4 hours,
(3) history of allergy to or abuse of opioids, or (4) preg-
nancy or current breast-feeding.

Patients in studies 1 and 2 completed a 4-point cate-
gory pain scale (none, mild, moderate, severe) and a
100-mm visual analog scale for pretreatment pain and
were randomly administered drugs as described. After
the injections, pain scores were recorded at 2, 5, 10, 15,
20, 25, and 30 minutes. After the 30-minute evaluation,
all patients received a local anesthetic (1.8 mL of 2%
mepivacaine with 1:20,000 levonordefrin [INN, cor-
badrine]) infiltrated on the buccal and palatal surface
of the teeth in the maxilla or by nerve block of the infe-
rior alveolar and long buccal blocks for teeth in the
mandible. Appropriate dental treatment was then per-
formed.

Studies 3 and 4 were conducted in the Pain Research
Clinic at the National Institutes of Health with patients
meeting similar inclusion and exclusion criteria under-
going the surgical removal of a lower partial or full
bony impacted third molar. Subjects were informed of
the possible risks of oral surgery and the investiga-
tional treatments, and they signed a consent form
approved by the National Institute of Dental and Cra-



niofacial Research Institutional Review Board. Sub-
jects were premedicated with intravenously adminis-
tered midazolam (mean dose, 2.8 ± 0.5 mg) and had
one mandibular third molar removed while they were
under local anesthesia consisting of 2% lidocaine with
1:100,000 epinephrine (mean dose, 75.3 ± 10.6 mg).
At the completion of surgery, polyethylene tubing (size
PE 50) was placed submucosally into the extraction
site under the flap previously raised for the surgical
extraction. Lactated Ringer’s solution (pH 6.2) was
administered at the rate of 10 mL/min to keep the line
patent until the onset of acute pain, which was charac-
terized as moderate or severe by the patient on the 4-
point category scale and a minimum of 35 mm on the
100-mm VAS. Hemostasis was evident over the first
30 minutes after surgery, and no fluids other than the
lactated Ringer’s infusion and the drug vehicle were
introduced into the surgical site until pain onset, usu-
ally 90 to 120 minutes after operation. Drug or saline
placebo was then infused either through the polyethyl-
ene tubing or intravenously over 10 minutes in the

morphine study and over 15 minutes in the fentanyl
study. Subjects were questioned at 15-minute intervals
for up to 180 minutes for the presence of mandibular
anesthesia, the intensity of postoperative pain as mea-
sured by category scale and VAS, and the presence of
any side effects.

In study 3 morphine sulfate was randomly allocated
to 4 groups of subjects: 1.2 mg morphine submuco-
sally/placebo intravenously, placebo submucosally/
1.2 mg morphine intravenously, placebo submucos-
ally/0.1 mg/kg morphine intravenously, or placebo both
submucosally and intravenously. The 1.2 mg dose of
morphine was selected on the basis of the replicate
demonstrations of efficacy for chronic inflammation and
to avoid possible absorption of a higher dose leading to
a systemic site of action. In study 4, 50 µg fentanyl was
randomly administered either submucosally or intra-
venously with parallel saline placebo to result in the fol-
lowing 3 groups: 50 µg fentanyl intravenously/placebo
submucosally, placebo intravenously/50 µg fentanyl sub-
mucosally, or placebo both intravenously and submu-
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Table I. Summary of experimental design and treatment groups for evaluating peripherally administered opioids

Treatment group

Study Clinical pain model Peripheral drug Systemic drug No.

Morphine dose-response Chronic periradicular 0.4 mg morphine* — 7
inflammation 1.2 mg morphine* — 7

3.6 mg morphine* — 7
2% mepivacaine* — 7
Saline placebo* — 7

35

Morphine site of action Chronic periradicular 1.2 mg morphine* Saline placebo subcutaneously 15
and receptor specificity inflammation

Saline placebo* 1.2 mg morphine subcutaneously 15
1.2 mg morphine* plus Saline placebo subcutaneously 15

0.4 mg naloxone*
2% mepivacaine* Saline placebo subcutaneously 15
Saline placebo* Saline placebo subcutaneously 15

75

Analgesic efficacy of Acute postsurgical 1.2 mg morphine† Saline placebo intravenously 12
peripheral morphine inflammation

Saline placebo† 1.2 mg morphine intravenously 15
Saline placebo† 0.1 mg/kg morphine intravenously 15
Saline placebo† Saline placebo intravenously 16

58

Analgesic efficacy of Acute postsurgical 50 µg fentanyl† Saline placebo intravenously 19
peripheral fentanyl inflammation Saline placebo† 50 µg fentanyl intravenously 32

Saline placebo† Saline placebo intravenously 20
71

*Administered by injection of 0.2 mL into the intraligamentary space on the mesial and distal areas of the inflamed tooth.
†Administered at pain onset by infusion via a polyethylene tubing (PE50) placed submucosally during surgery.
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cosally. The fentanyl dose was selected on the basis of
a dose-ranging study (data not shown) with 25, 50, and
100 µg demonstrating that the 50 µg dose was the min-
imal dose producing analgesia when administered by
the intravenous route as a positive control for assay sen-
sitivity.

Parametric data were analyzed by a 2-way repeated
measure ANOVA (drug × time) with post hoc analysis
by the post hoc Student-Newman-Keuls test. A differ-
ence was considered significant if the probability that
it occurred by chance alone was <5% (ie, P < .05). Data
are presented graphically as the mean ± standard error

of the mean. The sample size was based on calculations
that used a 20% treatment effect, variance at 20 mm on
the visual analog scale, and 85% power with a 2-sided
test and α = .05 level of significance.

RESULTS
Demographic characteristics and variables related

to the endodontic procedure were similar across
groups in the first two studies (data not shown). The
first study evaluated whether morphine produced a
dose-related reduction in endodontic pain after periph-
eral (ie, periodontal ligament) administration of test
drug to a chronically inflamed tooth. Periodontal lig-
ament administration of morphine produced a time-
related reduction in endodontic pain as measured on
the visual analog scale with peak effects observed over
the 15- to 20-minute time periods (Fig 1, upper panel).
The dose-response relation at 15 minutes after drug
administration (Fig 1, lower panel) demonstrates both
linearity with increased dose and separation from the
positive control (local anesthetic) and the saline
placebo control group at this time point. Similar
results were observed for pain data collected with a
4-point category scale (data not shown). The 1.2 mg
dose was selected for the subsequent two studies on
the basis of the clear separation from placebo and to

Fig 1. Time-response curve for pain as measured on visual
analog scale (VAS) in patients with a chronically inflamed
tooth after injection into periodontal ligament (PDL) space
of placebo, local anesthetic, or morphine (MS) (0.4, 1.2, or
3.6 mg). Asterisk, P < .05, versus placebo; dagger, P < .01,
versus placebo (upper panel). Evaluation of dose-related
effect of morphine at 15-minute time point presented in upper
panel in comparison with placebo and local anesthetic (lower
panel). 

Fig 2. Evaluation of site of action (local versus systemic)
and naloxone sensitivity of morphine in patients with a chron-
ically inflamed tooth after injection into periodontal ligament
(PDL) space of placebo, local anesthetic, 1.2 mg morphine
(MS), or 1.2 mg morphine and 0.4 mg naloxone, compared
with 1.2 mg morphine administered subcutaneously (s.c).
Pain at 15 minutes as measured by 100-mm visual analog
scale (VAS). Asterisk, P < .05, versus placebo; dagger, P <
.01, versus placebo.
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avoid possible absorption and a systemic effect for the
3.6 mg dose.

To determine the site of opioid receptors mediating
the analgesic effect, located either in the peripheral
inflamed tissue or at some distant systemic site, the sec-
ond study compared the analgesic effects of morphine

(1.2 mg) given via local periodontal ligament adminis-
tration or via systemic subcutaneous administration in
the volar forearm. The local administration of morphine
produced a significant analgesia in comparison with
both placebo and the subcutaneous morphine groups
(Fig 2). As a further test of pharmacologic specificity,

Fig 3. Time-response curve for pain relief as measured by
difference on visual analog scale (VAS) in pain intensity from
predrug status in oral surgery patients after administration of
0.1 mg/kg morphine (MS) intravenously (i.v.), 1.2 mg mor-
phine intravenously, 1.2 mg morphine submucosally (s.m.)
at the site of surgery, or placebo given both intravenously and
submucosally (upper panel). The pain intensity difference
adjusts for variation in starting pain among subjects; a posi-
tive value represents analgesia. Total analgesic effect over
180-minute observation period for same 4 groups (lower
panel). Asterisk, P < .05, versus placebo.

Fig 4. Time-response curve for pain relief as measured by
difference on visual analog scale (VAS) in pain intensity from
predrug status in oral surgery patients after administration of
50 µg fentanyl intravenously (i.v.), 50 µg fentanyl submu-
cosally (s.m.) at the site of surgery, or placebo given both
intravenously and submucosally (upper panel). The pain
intensity difference adjusts for variation in starting pain
among subjects; a positive value represents analgesia. Total
analgesic effect over 180-minute observation period for same
3 groups (lower panel). Asterisk, P < .05, versus placebo.
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a separate group of patients were administered a peri-
odontal ligament injection of morphine (1.2 mg) com-
bined with naloxone (0.4 mg). Under these conditions,
periodontal ligament administration of morphine pro-
duced no significant analgesia compared with adminis-
tration of placebo. Similar results were observed on a
4-point pain category scale (data not shown).

In the third study the analgesic effect of morphine
after the surgical removal of an impacted third molar
(Fig 3, upper panel) resulted in a drug effect over time
(F = 5.89; P < .01) with 0.1 mg/kg morphine produc-
ing significantly greater analgesia than the other 3
groups (P < .01). The sum of the pain intensity differ-
ence scores over the 180-minute observation did not
demonstrate any difference from placebo for 1.2 mg
morphine administered at the extraction site or intra-
venously (Fig 3, lower panel). Similar results were
observed for the category scale (data not shown).

Study 4 used fentanyl to permit better diffusion of
opioid through the surgical site as a result of the greater
lipid solubility and larger volume of administration (1
mL) in comparison with morphine. Administration of
50 µg fentanyl submucosally after the onset of pain
resulted in a nonsignificant increase in reports of pain
at the 15-minute observation, presumably because of
the opioid-mediated histamine release, but no analgesic
effect was detected over the 180-minute observation
period (Fig 4, upper panel). Intravenous administration
of the same dose resulted in an overall analgesic effect
as measured by the sum of the pain intensity difference
scores (Fig 4, lower panel), indicating a sensitive bioas-
say. Similar results were obtained with the category
scale (data not shown).

DISCUSSION
The results of these studies indicate that local

administration of low doses of morphine into the liga-
mental space of an inflamed hyperalgesic tooth pro-
duces a significant relief of spontaneous pain. This
analgesic effect is locally mediated, since systemic
injection of the same dose of morphine fails to elicit
an analgesic effect. Further, this peripheral analgesic
action of morphine is pharmacologically specific, since
it is dose-related and is blocked by concurrent admin-
istration of naloxone. Administration of the same dose
of morphine or a systemically active dose of fentanyl
for acute pain 2 to 4 hours after oral surgery failed to
elicit analgesia despite demonstration of a sensitive
bioassay. Collectively, these data support the hypothe-
sis that peripheral opioid analgesia can be evoked in a
clinical model of endodontic pain characterized by
chronic inflammation but not in a surgical model of
acute pain and inflammation.

Although numerous animal studies support the
hypothesis of peripheral opioid analgesia,15-17 the
results of clinical trials are mixed. In various models of
acute postoperative pain, some23-26 but certainly not
all27-34 studies were able to demonstrate a peripheral
analgesic effect of opioids. The reasons for the dispar-
ity in results between the animal models and clinical
trials are unclear but may be caused by differences in
peripheral mechanism of hyperalgesia, species, or test-
ing methods.

In the first 2 studies we selected a clinical model of
hyperalgesia that is distinct from acute postoperative
pain. Hyperalgesia caused by postoperative inflamma-
tion is probably due to incisional pain, as well as to
acute release of nonselective inflammatory mediators.35

In contrast, inflammation as a result of a chronically
infected tooth is characterized by an accumulation of
chronic inflammatory cells (eg, lymphocytes,
macrophages, and the like), neuropeptides, and factors
of microbial origin.18-20,36 Using the endodontic model
of hyperalgesia, we have obtained positive evidence for
peripheral opioid analgesia in two current independent
trials and in a previous study.37 Thus it is possible that
differences in the detection of peripheral opioid anal-
gesia in clinical trials may be due, at least in part, to
time-sensitive processes needed for the expression of
peripheral opiate analgesia during inflammation.

This hypothesis is supported by a demonstration that
1 mg of morphine administered with a local anesthetic
for a heterogeneous group of dental surgical procedures
did not differ from placebo for the first 8 hours after
surgery but resulted in significantly less pain and anal-
gesic consumption 12 to 24 hours after surgery.38 Under
inflammatory conditions, the axonal transport of opi-
oid receptors from the dorsal root ganglia to the periph-
eral nerve endings is enhanced, resulting in an
increased number of opioid receptors in the inflamed
tissue.39 Other factors associated with mechanisms of
peripherally administered opioids, including infiltra-
tion of inflammatory cells into the site of injury16,40

and disruption of the perineural barrier,41 are also time
dependent and may explain a lack of peripheral opioid
effect at early time points afater tissue injury. The time
course of peripheral opioid analgesia in inflammation
induced by complete Freunds’s adjuvant, for example,
requires 6 hours before fentanyl antagonizes hyperal-
gesia and up to 12 hours before perineurial leakage is
evident.41 These factors may contribute to the failure
to detect peripherally mediated analgesia in the first
few hours after oral surgery, onset of analgesia at later
time points,38 and efficacy comparable with that of
local anesthesia in chronic inflammatory conditions
such as chronic articular and endodontic lesions.



72 Dionne et al
CLINICAL PHARMACOLOGY & THERAPEUTICS

JULY 2001

A failure to demonstrate analgesia in the oral surgery
model after peripheral opioid administration may be
due to loss of drug from the disrupted surgical site or
the relative lack of sensitivity of the oral surgery model
to opioids. However, administration of 1 mg ketorolac
by the same route and method of administration (ie,
submucosal infiltration through PE 50 tubing) resulted
in significant analgesia in comparison with saline solu-
tion placebo,42 whereas parallel administration of 30
mg ketorolac intramuscularly resulted in faster onset
but approximately the same peak relief. Further, a pre-
vious study in the oral surgery model also resulted in
significantly greater effects for administration into the
surgical site of a low dose of ketoprofen in comparison
with the same dose administered orally.43 These results
indicate that the oral surgery model is sensitive to the
peripheral effects of low doses of analgesic drugs
administered at the site of injury. The opioids in this
study were administered after the loss of mandibular
anesthesia, usually 90 to 120 minutes from the end of
the oral surgery procedure. Hemostasis occurs within
the first 15 to 30 minutes after surgery, and no fluids
were introduced into the surgical site other than the 10-
µg/min flow of lactated Ringer’s solution to maintain a
patent tubing for drug administration. It is unlikely that
the lack of peripheral opioid activity in the oral surgery
model could be caused by a dilution at the site of
administration. The analgesic effects of opioids have
been detected in the oral surgery model for a wide vari-
ety of agents, doses, and routes of administration,44

indicating the ability to detect opioid analgesia during
acute inflammation on the day of surgery.

Collectively, these studies indicate that local admin-
istration of opioids, at the doses and conditions of these
4 studies, produces significant analgesia by a pharma-
cologically specific mechanism that is active in chroni-
cally, but not acutely, inflamed tissue. Future studies
may be directed at clarifying the cellular basis for the
delayed onset of the peripheral action of opioids and
evaluating the clinical utility of this approach for man-
agement of inflammatory pain with extended-duration
opioid formulations.

References

1. Basbaum A, Fields H. Endogenous pain control systems;
brainstem spinal pathways and endorphin circuitry. Annu
Rev Neurosci 1984;7:309-38.

2. Yaksh T. Substance P release from knee joint afferent ter-
minals: modulation by opioids. Brain Res 1988;458:319-24.

3. Ferreira S, Nakamura M. Prostaglandin hyperalgesia. II.
The peripheral analgesic activity of morphine, enkephalins
and opioid antagonists. Prostaglandins 1979;23:53-60.

4. Ferreira S, Lorenzetti B, Rae G. Is methylnalorphinium
the prototype of an ideal peripheral analgesic? Eur J Phar-
macol 1984;99:23-9.

5. Levine J, Taiwo Y. Involvement of the µ-opiate receptor
in peripheral analgesia. Neuroscience 1989;32:571-5.

6. Taiwo Y, Levine J. κ and ∆ opioids block sympathetically
dependent hyperalgesia. J Neurosci 1991;11:928-32.

7. Bentley G, Newton S, Star J. Evidence for an action of
morphine and the enkephalins on sensory nerve endings of
the mouse peritoneum. Br J Pharmacol 1981;73:325-32.

8. Smith TW, Follenfant RL, Ferreira SH. Antinociceptive
models displaying peripheral opioid activity. Int J Tissue
React 1985;8:61-7.

9. Ferreira S, Nakamura M III. Prostaglandin hyperalgesia:
relevance of the peripheral effect for the analgesic action
of opioid-antagonists. Prostaglandins 1979;18:201-8.

10. Joris J, Dubner R, Hargreaves KM. Opioid analgesia at
peripheral sites: a target for opioids released during stress
and inflammation? Anesth Analg 1987;66:1277-81.

11. Rios L, Jacobs J. Local inhibition of inflammatory pain
by naloxone and its N-methyl quaternary analog. Eur J
Pharmacol 1983;96:277-83.

12. Stein C, Millan M, Shippenberg T, Herz A. Peripheral
effects of fentanyl upon nociception in inflamed tisue of
the rat. Neurosci Lett 1988;84:225-8.

13. Stein C, Millan M, Yassouridis A, Herz A. Antinocicep-
tive effects of µ and κ agonists in inflammation are
enhanced by a peripheral opioid receptor-specific mech-
anism. Eur J Pharmacol 1988;155:255-64.

14. Stein C, Milan M, Shippenberg T, Peter K, Herz A.
Peripheral opioid receptors mediating antinociception in
inflammation. Evidence for involvement of µ, δ and κ
receptors. J Pharmacol Exp Ther 1989;248:1269-75.

15. Hargreaves KM, Joris J. The peripheral analgesic effects
of opioids. J Am Pain Soc 1993;2:51-9.

16. Stein C. Peripheral mechanisms of opioid analgesia.
Anesth Analg 1993;76:182-91.

17. Stein C. The control of pain in peripheral tissue by opi-
oids. N Engl J Med 1995;332:1685-90.

18. Sundqvist G. Taxonomy, ecology and pathogenicity of
the root canal flora. Oral Surg Oral Med Oral Pathol
1994;78:522-30.

19. Stashenko P, Wang C-Y, Tani-Ishii N, Yu S. Pathogenesis
of induced rat periapical lesions. Oral Surg Oral Med Oral
Pathol 1994;78:499-502.

20. Torabinejad M. Mediators of actue and chronic periradic-
ular lesions. Oral Surg Oral Med Oral Pathol
1994;78:511-21.

21. Cooper SA, Beaver WT. A model to evaluate mild anal-
gesics in oral surgery outpatients. Clin Pharmacol Ther
1976;20:241-50.

22. Troullos ES, Hargreaves KM, Butler DP, Dionne RA.
Comparison of non-steroidal anti-inflammatory drugs,
ibuprofen and flurbiprofen, to methylprednisolone and
placebo for acute pain, swelling, and trismus. J Oral Max-
illofac Surg 1990;48:945-52.



Dionne et al 73
CLINICAL PHARMACOLOGY & THERAPEUTICS
VOLUME 70, NUMBER 1

23. Mays K, Lipman J, Schnapp M. Local analgesia without
anesthesia using peripheral perineural morphine injec-
tions. Anesth Analg 1987;66:417-20.

24. Posner J, Mody S, Peck A. Analgesic, central, cardiovas-
cular and endocrine effects of the enkephalin analogue
Tyr-D-Arg-Gly-Phe(4NO2)-Pro-NH2 (443C81) in
healthy volunteers. Eur J Clin Pharmacol 1990;38:213-8.

25. Stein C, Comisel K, Haimerl E, Yassouridis A, Lehrberger
K, Herz A, et al. Analgesic effect of intraarticular mor-
phine after arthroscopic knee surgery. N Engl J Med
1991;325:1123-6.

26. Khoury G, Chen A, Garland D, Stein C. Intrarticular mor-
phine, bupivacaine, and morphine/bupivacaine for pain
control knee videoarthroscopy. Anesthesiology 1992;77:
263-6. 

27. Bullingham R, O’Sullivan G, McQuay H, Poppleton P,
Rolfe M, Evans P, et al. Perineural injection of morphine
fails to relieve postoperative pain in humans. Anesth
Analg 1983;62:164-7.

28. Bullingham R, McQuay H, Moore R. Studies on the
peripheral actions of opioids in postoperative pain in man.
Acta Anaesthesiol Belg 1984;35(Suppl):285-90.

29. Dahl J, Daugaard J, Kristofferson E. Perineuronal mor-
phine: a comparison with epidural morphine. Anaesthe-
sia 1988;43:463-5. 

30. Raja S, Dickstein R, Johnson C. Comparison of postop-
erative analgesic effects of intraarticular bupivacaine and
morphine following arthoscopic knee surgery. Anesthesi-
ology 1992;77:1143-7.

31. Dierking G, Ostergaard H, Dissing C, Kristensen J, Dahl
J. Analgesic effect of intraarticular morphine after arthro-
scopic surgery. Anaesthesia 1994;49:627-9.

32. Laurent S, Nolan JP, Pozo JL, Jones CJ. Addition of mor-
phine to intra-articular bupivacaine does not improve
analgesia after day-case arthroscopy. Br J Anaesth
1994;72:170-3.

33. Schulte-Steinberg H, Weninger E, Jokisch D, Hofstetter
B, Misera A, Lange V, et al. Intraperitoneal versus
intrapleural morphine or bupivacaine for pain after laparo-
scopic cholecystectomy. Anesthesiology 1995;82:634-40.

34. Eriksson-Mjoberg M, Kristiansson M, Carlstrom K, Olund
A, Eklund J. Infiltration of morphine into an abdominal
wound; effects on pain relief and endocrine/immune
response. Pain 1997;73:355-60.

35. Fantone J. Basic concepts in inflammation. In: Leadbetter
WB, Buckwalter JA, Gordon SL. Sports-induced inflam-
mation: Clinical and basic science concepts. Workshop;
Bethesda, Maryland; May 1989. Park Ridge (IL): Ameri-
can Academy of Orthopedic Surgeons; 1990. p. 25-53.

36. Byers MR, Taylor PE, Khayat BG, Kimberly CL. Effects
of injury and inflammation on pulpal and periapical
nerves. J Endod 1990;16:78-84. 

37. Hargreaves KM, Keating K, Cathers S, Dionne RA. Anal-
gesic effects of morphine after PDL injection in endodon-
tic patients. J Dent Res 1991;70:445.

38. Likar R, Sittl R, Gragger K, Pipam W, Blatnig H,
Breschan C, et al. Peripheral morphine analgesia in den-
tal surgery. Pain 1998;76:145-50.

39. Hassan A, Ableitner A, Stein C, Herz A. Inflammation of
the rat paw enhances axonal transport of opioid receptors
in the sciatic nerve and increases their density in the
inflamed tissue. Neuroscience 1993;55:185-95.

40. Stein C, Pfluger M, Yassouridis A, Hoelzl J, Lehrberger
K, Welte C, et al. No tolerance to peripheral morphine
analgesia in presence of opioid expression in inflamed
synovia. J Clin Invest 1996;98:793-9.

41. Antonijevic I, Mousa S, Schafer M, Stein C. Perineurial
defect and peripheral opioid analgesia in inflammation. J
Neurosci 1995;15:165-72.

42. Dionne RA, Gordon SM, Brahim JS, Rowan J, Kent AA.
Peripheral PGE2 levels following tissue injury and
NSAID analgesia [abstract]. Clin Pharmacol Ther 1998;
63:240.

43. Dionne R, Gordon S, Tahara M, Rowan J, Troullos M.
Analgesic efficacy and pharmacokinetics of ketoprofen
administered into a surgical site. J Clin Pharmacol 1999;
39:131-8.

44. Dionne RA. Pharmacologic management of acute pain.
In: Hardin JF, editor. Clark’s clinical dentistry. Philadel-
phia: JB Lippincott; 1994. p. 1-22.


